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INTRODUCTION 


The increase in the price of gold in 1933 was the cause of starting many 
activities in gold prospecting and mining; it led to investigations of many 
of the so-called desert placers in the Southwest, which heretofore had not been 
deemed of commercial importance. Among these, attention was called to some of 
the gravel beds in the vicinity of the Randsburg-Atolia mining districts of 
Kern and Sun Bernardino Counties, Calif., in which gold and scheelite, (calcium 
tungstate, CaW04) were said to be present. Following a partial sampling and 
testing of the gravel, large-scale operations were begun in 1935. During the 
same year more detailed sempling and testing of the gravel beds were done by 
the author. During 147 days, 1,239 test holes 28 inches in diameter were 
Grilled; their total depth amounted to 16,705. feet. These test holes furnished 
2,495 semples of an average volume of 1.0583 cubic yards bank run each; all of 
the material was run through a sempls mill constructed on the property. Orig- 
inal and rather unusual sampling and testing methods had to be used; milling 
and mining methods for large-scele operations also offered difficulties. The 
primery purpose of this drilling and sampling campaign was‘to determine, over 
a large area, the amounts of gold and scheelite recovered by placer methods 
such as were already in use on the propsrty. This paper describes sampling 
and testing methods employed by the author during the 1935 drilling campaign. 


LOCATION 


The gold and scheelite placer deposit is in the Atolia tungsten mining 
district about one-half mile west of the small mining town of Atolia and about 
5 miles south of Randsburg in the Rendsburg gold-mining district. The deposit 
lies near the foot of the Rand Hills in the Mojave desert. The territory is 
served by hard-surfaced roads from the north and south; Los Angeles is 150 
miles to the southwest. A branch of the Southern Pacific Railroad passes with- 
in 5 miles of Randsburg. 
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Figure 1.— Part of Atolia Rand placer, San Bernardino County, Calif. 
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HISTORY 


Gold mining nas been carried on in the Randsburg Ccistrict since 1395. 
The production of tungsten begin in the Atolia district during the World War, 
and large quantities of scheelite were extracted from 20th lode and placer de- 
nosits. The district 1s credited with a tungsten production valued at more 
than 9,000,000 dollars. Some gold-lode rrospecting has been carried onto the 
south and southwest of Atolia, but it was not until 1932 that the prospecting of 
surface gravels for both gold and scheelite was undertaken seriously.e 


PHYSIOGRAPHY 


The surface of the area discussed forms a featureless, gently undulating 
plain vith a general slope of the surface to the southeast of 150 feet to the 
nile. Altitudes range from 3,200 to 3,600 feet. The drainage of the area is 
fron the Rand Hills in a southerly to southeasterly direction tovard Cuddeback 
Lake, one of the many dry lakes of the Mojave desert; surface—drinage channels 
are very poorly developede Except during run-offs of sucden and violent storms, 
none of the drainage channels carry water; there is no constant underflov. For 
very short intervals after storms, water stands aomt a foot deep in Cuddeback 
Lake, but it soon seeps downward to the permanent vater level at about 100 feet 
belov the lake-bed surface. The water is slightly salty and unfit for domestic 
purposes. The principol vegetation is scattered patches of greasewood. The 
Climate is that of the Mojave desert, extremely hot in summer and relatively 
cold in winter. Strong windstorms are common at all timese 


GSOLOGY 


The desert placer deposits south of Randsburg are of recent age; concen- 
tration of gold and scheelite was induced intermittently by freshets end cloud- 
Sursts rather than by constant strenm action. The many gold-bearing cuartz 
stringers of the Randsburg mining district, less than 5 miles north, suggest a 
source from which the gold in the gravel wash originated. The gravels also 
show scheelite enrichment for about a mile downstream from an cast-northeasterly 

trending shear zone traversing the metamorphic, quartz monzonite, and eranite 
country rock. Along this zone several rather ill-defined and irregular veins of 
scheelite ore have been developed. Both upgrade and downgrade from this en- 
riched zone the scheelite content of the gravel diminishes rapidly. Gold in 

the gravels increases upgrade toward the Randsburg district from the scheelite 
vein zones The thickness of the gravel beds, which consist principally (90 per- 
cent or more) of fine, angular material up to 2 inches in size, with occasional 
voulderg along the bedrock drainage channels, varies from 15 fect at the north 
to over 65 feet at the south. Where the thiclmess exceeds 30 feet, the gold- 
vearing layers are irregularly distributed through the gravel section. In 

some places the upper 15 to 20 feet of gravel can be mined profitably, while 
at other places comparatively narrow streaks of pay gravel have been found de- 
low 60 feet of nearly barren overburden. 


The data obtained from the many test holes drilled during 1935 made it 
PMssible to construct a bedrock contour map of a large part of thearea. A 
part of this map is showm as figure 1. The map also shows the test holes, the 
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drainage channels developed in tne bedrock, and some of the enriched areas of 
placer gravel. Althouzh in a few instances the subdsurface channels conforn to 
present surface-drainage systems, subsurface drainage and topography is more 
pronounced and more irregular than nresent surface arainage and topography. For 
instance, over the bedrock cnannel extending froin coordinate 50-0 to coordinate 
42~900E (fig. 1), the vresent surface is practically flat. In the northern part 
of the area the main surface-drsinage channel follows the principal bedrock chan- 
nel in a general wey. Farther soutn, where the gravel wash thickens, it loses 
its identity with respect to subsurface drainage. 


The general slope of the bedrock surface underlying the gravel wash is 160 
feet to the mile to the southeast. In the southern part of the areca where the 
overlying gravel section is thicker, the bedrock slope increases to approximately 
350 feet per mile. Although several deep channels exist there seems to be only 
one main bedrock channel along which the principal concentration of valuable min- 
erals has taken place. At flosd times this channel apparently could not carry 
the entire run-off and flooded adjacent minor channels. Concentrations of gold 
and scheelite occurred in irregular patches in the minor channels, which were 
controlled at all times, however, by the course of the main channel as well as 
by high places or hillocks in the bedrock. In this respect, attention is called 
to the enriched gravel area between coordinate 42-45, 300~-900E (fig. 1). Pre- 
liminary test drilling seemed to indicate a continuous pay channel paralleling 
the main channel. Intensive drilling, hovever, covering this suggested channel 
from north to south showed that the gold and scheelite completely disappeared in 
its northern part but were reconcentrated within a basin in the vicinity of a 
sharp bend in the drainage pattern caused by higher and more resistant bedrock 
to the south and west. The gravel in this basin is extremely coarse from the 
surface dorm to bedrock and presented many difficulties in test drilling. the 
character of this gravel suggests with little doubt that it had been deposited 
from farther up the ch,nnel during extremely heavy clovdbursts and that it rep 
resented considerably enriched, rewashed, ond reconcentrated material. 


Some local enrichment of shallow gravel in sparsely distributed patches, 
uncontrolled by bedrock configurations, is probably coming fram mineral-bearing | 
quartz stringers that traverse the bedrock within the gravel area itself. Along 
the main bedrock channel, gold and scheelite are not evenly distributed, mich 
gives rise to rich as well as poor spots along its winding course. The general 
direction of ‘this channel is south-southeast, but innwuerable bends and potholes, 
too small to be shown on the map, occur along its course. Figure 1 represents 
apart of theearea downgrade from the scheelite-vein zone. 


The angular shape of the material making up the gravel beds and the absence 
of well-rounded waterworn boulders strongly suggest a nearby source. Occasional 
fragments of quartz showing many fine stringers of native gold also suggest & 
nearby source, so near, in fact, that much of the gold of the gravel beds has not 
been liberated as yet from its matrix and igs not recoverable by ordinary place? 
milling methods. Fire assays of samples obtainedfrom the sides of some of te 
test holes confirm this opinion, so that in many places the gold content of tne 
gravel is twice that recoverable by concentration without additional grinding. 
The exact relationship between placer gold and contained gold has not yet bee: 
accurately determined; a method of economical extraction of both placer and cr 
tained gold remains to be worked out. 
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Sampling of soiie of the test holes over denths coinciding with those of 
placer samples already obtained and run would give the percentage of gold not 
recovered by placer=milling methods. Microscopic examinution of the material 
would furnish data on the character and distribution of the retained gold as 
well as on the natrix matcrial. This may deternine whether or not grinding 
of the naterial to a finer mesh will liberate nost of the gold, so that much 
of it can be recovered by concentration and amalgamation, or whether cyanida- 
tion or some other process will be necessary. The evolution of a successful 
nethod depends on careful research work and cost estimates. 


The drainage svstom of the Randsburz-Atolia district radiates frm it 
in varicus directions and other gold-bearing gravel deposits are present in 
the regione Other denosits prodably exist under sinilar conditions in other 
desert regions of the west, close to the source from which the gravel or wash 
originated. These desert deposits offer a fielc for research work which in 
the end may provide methods and processes by which gold thus distributed in 
nature can be reclained econsnically. 


WATER 


Prior to 1934, the absence of water for nlacer nurposes had nade largce 
scale operations inpossible. A small amount of water was piped to the Atolia 
district fron a deep tell on Red Mountain and sold for domestic purposes at 
1 cent per gallon. However, arrangements hat. deen made with the Atolia Mining 
Coe to acquire the water systen that furnished salty water fron Cuddeback Lake 
for nilling purposes at its Atolia mine. A inch pipe line fron Cuddeback 
Lake, 7 niles long, and a Pomona pump were installed to lift the water fron 
its underground level to a concrete-lined storage reservoir at the edge of the 
lake bed» A triplex pump raises the water from this point to the half-way 
storage basin, from whence another pump delivers it through the line to tho 
Atolia nine and to the placer deposit. <A part of the line was later increased 
in size to 6 inches. The water is raised 750 feet; about 250 gallons per nin- 
ute 1s furnished for the large-scale placer operations and added to the closed 
water circuit in use. 


SURVEY METHODS AND MAPS 


No maps, apart fron those showing mining clains of the district, were 
available. As the drilling of a large nmuaber of test holes was anticipated, 
a plane-table survey of the property was madee The Kern-San Bernardino County 
boundary line served as a prinary north-south base line; a second base line was 
Tun at right anzles to it across the nronerty, and a coordinate system was ese 
tablished. All neasurenents were taken triith a 300-foot steel tape. Locations 
of proninent objects, such as the Atolia No. 1 headfraje and others, were dex 
ternined by triangulation froa the base lines. Orientation in any part of the 
field was by backsight and checksight on triangulation points; vulldings, roads, 
duips, pits, and other surface improvesients were tied in by stedia. 

East-west coordinate lines, 150 feet anart, were nuxbered from 0 to 95 
horthward; north-south lines, also 150 fcet apart, were nuibered frona 
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north-south center line to the east and to the west, with the number of feet 
they were distant from the center line. (See fig. 1.) Tracings from the 
plane-table sheets served as progress maps upon which all data were plotted 
as accumulated. During the survey work a topographic map of a part of the 
property also was made, and locations for test holes were staked out. Build- 
ing lath, sawed in two, pointed on one end and planed on one side, was used 
for stake material. In order to nrevent fading of numbers by the sun, stakes 
were driven so that the numbered side faced north. Short pieces of discarded 
pipe, painted white, with survey numbers stenciled on them, were used as 
permanent markers in the field. Complete records of all survey work were 
kept, and the work was added to constantly es test hole drilling progressed. 


Flags and targets were used in backsighting as well as in marking lines 
of test holes to be drilled. In order to hasten the getting and removal of 
marker flags, so-called "flag bases" were nade. These consisted of a short 
piece of 1+1/2~inch pipe about 6 to 8 inches long, which was welded parallel 
to a 5/8-inch iron rod of the same length; this, in turn, was welded p2rallel 
to the blunt end of a pointed iron rod about 2 feet long: the whole, when 
driven into the ground, formed a supvorting collar, into which the lower end 
of the flag pole was loosely placed. These "flaz bases" were easily driven 
and loosened, and flag poles were not subjected to hamiering and breakage. 
The nethod was adopted from sinilar target bases already in usee These older 
bases were equipped with threaded pipe collars; the end of the target pole 
was permanently fitted into a piece of threaded vipe, which, in turn, screwed 
into the collar of the target basee The survey cre consisted of the author 
and two assistants fron the sampling crew. 


DRILLING METHODS 


The ground was tested by drilling with two portable, rotary, drilling 
rigs using auger-tyne buckets. This kind of drill was developed on the 
coast for digging cesspools and is loéally termed a "California cesspool 
diggor.!! 


Tne area to be tested was large and sinking of test nits by hand vas 
too slow and expensive. Ordinarily, a Keystone percussion drill using 6 
inch-dianeter casing and 7-1/2-inch drive shoo is used for drilling test 
holes on placer deposits. This method vill, theoreticall:,, deliver 0.0114 
cubic yards of materiel for every foot depth of drill hole. Dry gravel ard 
the absence of boulders here made it possible to use the cesspool digger mith 
good results. With-these drills, test holes averaging 28 inches in diameter 
could be put dorm. This method furnished 13.9 times the amount of material 
for a sauple that could be obtained by Keystone drilling. The larger the 
saiple, the closer its gold and scheelite content approaches the actual values 
in the placer ground. The average of 2,495 samples thus taken, representing 
an average depth of 6-7 feet per sample, was 1.0583 cubic yards by bank 
neasuree The samples were run through the sample mill. 


The rotary drills were mounted on 3—ton trucks (figs. 2A and 2C) and 
were driven by the truck engine through power take-offs from the drive shafts: 
The drill consisted of a 30-foot wooden nast thet could be lorered for long 
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Figure 2.— California cesspool-digger rotary drill: A, Rear view, wrench and kelly ber in 
position inside of covered ring gear, with auger bucket in test hole; B, close-up of auger 
bucket, bottom open for discharge of sample. Note attachment and shape of two cutting 


blades at edge of large holes in bucket bottom; C, pulling auger bucket over dump truck 
for unloading part of sample from test hole, 
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hauls, a horizontally mounted, 36-inch ring gear (figs. 2A and 2B) at the rear 
end of the truck, rotated by a pinion gear attached to an auxiliary shaft, and 
a small, double-drum hoist for raising and lowering the mast and the drilling 
equipment. The drilling equipment consisted of sevcral lengths of drill stem, 
a square kelly bar, and a Chlminch-diameter auger bucket. This bucket was 2 
feet high ard had a conicai, hinged bottom with two large openings, to the 
edges of which two cutting blades were bolted (fig. 2B). Upon rotation of 

the bucket, the blades would scrape the material into it. At first, rubber 
flaps were used over the openings to help retain the material in the bucket. 
These were discarded later, as it was found that by adding a small amount of 
water while drilling, dry material could be moistened sufficiently to pack. 
This also prevented the sides of the hole from cavinge A lever arrangement 
held the hinged bottom of the bucket in place while drilling was going on, 

and allowed it to be opened so that the contents of the bucket could be 
enptied into a dump truck. The square kelly sten that was attached to the 
bucket by a box joint and single bolt, fitted through a wrench, engaged by 
vrotrusions in the ring gear, thus giving the stem and bucket their rotary 
motion inside of the ring geare In drilling de2p holes, several lengths of 
drill stem were required. They were fitted together by box joints and single 
bolts so that drill stems could be removed anc added quickly and simply. 


The drilled material stood up well, and no casing or lining was required 
in any of the 1,239 holes put dorm. The holes were of fairly constant dian- 
eter, somewhat larger than tne diameter of the auger bucket; they were large 
enouesh for a man to be lowered into then and, by means of a calibrated sliding 
staff, for measuring the diameter of the hole for every foot. of depth and to 
clean the bottom of the hole thoroughly by hand. If the hole was irregular 
in places, several measurements were taken at the same denth in order toobtain 
the avernge diameter of the hole at that depth. In this manner the average 
dianeter of the hole, and the bank~run yardage which it furnished for each 
sample depth, were determined and recorded separately for each sannle. 


The drilling of test holes was relatively simple and rapid as long as the 
drill worked in fine gravel. If coarser gravel or boulders were encountered it 
becane necessary to lower a man into the hole to loosen the coarser rocks and 
to collect them in an auxiliary small bucket. This was a very slow procedure 
in very cramped quarters. In order to speed the work a 1-1/2-inch fishtail 
bit was constructed from an automobile axle in such a way that it could be 
fitted to the drill stem instead of the bucket and drill a central blast hole 
about 2 feet deep. A small amount of dynanite usually was sufficient to 
loosen the naterial: the larger rocks were then picked out and work proceeded 
mith the auger bucket. | 


But even this nethod was not always successful, especially when cemented 
stavel was encountered. To sneed drilling in guch instances, a nunding bit 2) 
inches in diameter and weighing 3,000 pounds was cbtained fron Los Angeles. 

A carriage for this bit, properly balanced, was constructed fron discarded 
angle iron, I-beams, and an autortiobile axle. Two reinforced tire rins welded 
together were fitted over each wheel of the carriage to provide better trac- 
tion. The bit resting on this carriage was towed to the drill by a dump 
truck, up-ended, attached to one of the drill lines and lowered into the 
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hole. The rotary drills were not equipped with walking beams; the bit was 
lifted a short distance and allowed to drop quickly, in this manner crushing 
and fracturing the rocks so that they could be removed by the auger bucket. 


Of the drilling equipment, the side of the auger bucket and the scraping 
blades were subjected to the greatestvear and tear. The bucket was reinforced 
occasionally by electric-welding layers of cast iron (in the shape of vertical 
strips) onto its sides. The scraping blades were made of plow steel and could 
be resharpened. On the average, tivo sets of bledes per drill per &-hour shift 
were usede , 


The spacing of holes: (rather arbitrary at first) was speedily reduced 
from 275 feet, on rows 4OO to 450 feet apart, to 50 feet, on east-west rows 
150 feet apart (in a few instances 100 feet apart); the rows coincided with 
the coordinate system. (See fig. 1.) Test holes were staggered on ,lternate 
rows. The longest rov measured 4,800 feet and contained 97 holes. 


Test-hole drilling was started in June 1945 and continued uninterruptedly 
until November 9 of that year. At the beginning, one drill worked one 8-hour 
shift per day; this was stepped up to two S-hour shifts during July and August. 
From August 28 two drills working tvo 8-hour shifts each were employed. The 
drills were kept working close to each other, so that three l-1/2-ton steel-boly 
dump trucks could service the drills and hanl the samples to the sample nill. 


No excavated material was left to mark the position of the test holes; 
this condituted a menace to safe travel over the ground. In order to avoid 
accidents and liability therefor, wooden fences mace of waste material were 
first built around each hole. This kept cne carpenter busy, and the waste na 
terial was soon exhausted. Old pine, boiler tubing, and galvanized wire then . 
were resorted to for fence naterial. Discarded boiler tubing was purchased 
and cut into Wfoot lengths in Los Angeles. A roll of galvanized wire was cal 
ried on each drill and fence posts were distributed over the area to be drilled 
by the truck drivers, who, with one of the assistants at each drill, were re 
sponsible for fencing each test hole as scon as it .was finished. A galvanized- 
fron tag (made from waste material), into which the serial number of the test 
hole as well as its coordinate location numbers were stenciled, was wired to 
each fenceée | | | 


In order to synchronize speed of drilling, truck capacity, and sample~ 
mill capacity, and to obtain a fair-sized sample per yard depth, one level 
truckload was decided upon as the average samplee This, on the average, fur- 
nished a little more than 1/2 cubic yard of material per yard depth and gave 
one saiple for every 6 to 7 feet of test-hole depth; bottom samples usually 
represented less depth. a 


The personnel at each of the two drills consisted of the driller, one 
assistant, and one roustabout, the latter being required to assist in pulling 
the auger bucket over the dump truck to discharge it. He also leveled the 
load in the truck and assisted in building fences around finished holes. 10 
truck drivers took care of three dump trucks. The work accomplished, as well 
as averages, are sect forth in table 1. All yardage figures represent bank-Tw! 
neasure; average diameter of holes was 28 inches. 
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TABLE 1. - Suinary of test-hole drillirg, June to November 1935 


© ee ee Ee ee ee eee + 


eee ee ee 


Month Days oe ba ae a aaa sneer ea safe a 
In sazples per day per day 
June-~ 16 114.0 1,071.6 166 162.4 rial 67.0 
July-- 31 2 233.5 2,320-0 379 379-1 765 74.8 
Augee- 31 350.5 2,907+7 lige Uu71.9 11.3 97.2 
Septe- 30 281.0 4428 67 | 631 700.2 9.4 147.6 
Octem- 31 197.0 4 330.6 664 743.4 6.4 155.8 
Nove = 8 6300 1,146.8 186318305 729 143.4 
Total 147 1,239.0 15,705.44 2,495 2,640.5 g.4 113.6 
AVOTe Avere 
Aver. nOw Aver. no. Avere Avere centh depth  Decop- 
Month Days samrles cubic yards cu. yds. derth holes holes est 
per day in sample per holes per ver hole, 
ae ay smd seiple cn.yd. feet 
June-- 16 10.4 102 9786 9-4 6.5 6.59 32 
July-- = 31 12.2 12.2 1.0600 9.9 6el 6.12 32 
Aug.-0 31 15.9 Lae 9591 83 59 6:16 57 
Sentee 30 21.0 23.3 1.1097 15-8 7-0 6.432 67 
Octene 31 eee 24.0 1.1195 24.5 7-3 6-50 59 
Noveee og 20.4 22.9 Vek? 18-2 720 625 66 
Total 147 1730 18.0 LeO583 13-5 67 6.32 67 
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Drilling during June, July, 


and August was on a somewhat irregular time 


basis. Drilling data and averages for the months of September and October, 
during which two drills worked uninterruptedly two 8-hour shifts each per day, 
provide more significant figures; they are as follows: 


THE SAMPLE MILL 


By March 1935 a pilot mill, assay office, and large stationary 
tion plant had been constructed. As the pilot mill was hot in use, 
be utilized as a sample mill. This necessitated considerable reconstructio., 
however, for the following items had to be given consideration: 


‘Motel number of drilling days------------------0-777 61 
Number of holes drilledv~~----------------- errr U7s 
Total feet drilled--~------------------ een rrr 9,259 
Number of sammles obtained-------------------- 9 oon 1,295 
Cubic yards gravel in samples-~-------------------"~ 1,444 

Averages per day, Average per 

2 drills, 2 eight- drill per 

hour shifts each. | eight-hour 

| shift 

Number of holes------ 1-8 1.95 
Number of satnyples---- 21.2 5.3 
Cubic yards gravel--- O36] RI 
Feet drilled-------~-- 151.8 37-95 
Average Cibie yards per sampled-]-—-s s+ S—e>eS-c> 1.1151 
Average denth of test hole, feet---------------~--- 19.4 
Average derth per sample, Deeteeaq-<=—--s-ee-onHe— Tel 
Average depth per cubic yard---------------------- 6.41 


concentra- 
it euld 


1. Now machinery and design had to be built into the existing fremevork 
of the pilot mill. | | 


2, The same general flow sheet - recovery of gold and 


centration - that had already been installed in the large plant was 


lowed in the sample mill; nevertheless, flexibility in the flo 


scheelite by co" 


to be fol- 


w sheet was de- 


sirable to allow quick changes in nethods and additions to the mill circuit for 
experimental purposes. | 


3 The sample mill was to be designed so that it covld be converted 
quickly into a pilot mill of 100 cubic yards per day capacity. 


Ue 


Samples ranging in volune fron 1 cubic foot to seve 
were to be treated; the sarpling mill was to have a maxinun 


cubic yards bank-run gravel per day. 
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ral cubic yards 
capacity of 29 


1 


Test hole, 25" diam. 

Aver.depth per sample, 6.7 ft. 
Aver.cu.yds.per sample, 1.0583 

2 Damp truck 

3 Grissly, 5° spacing 

4 Storage bins 

5 Variable-stroke mechanical feeder 
driven from conveyor pulley shaft 
6 Belt conveyor, var.-speed motor 

1 Multiple-feeder funnel 

& Measuring and storage bins 

9 Variadle-speed feeder belt 

10 Hinged feed funnel and pipe (10a) 
11 Multiple-feeder funnel 

lla Direct feed line to GB hopper 

12 Scrubber and troumel screen, 

5/8" and 2" diem. holes 


Distributo, box; flow of fines adjustable 
to GB hopper or direct to Bendelari jig 
GB hopper 

GB trommel scree: 

GB shaking rubber riffle 

Bendelari jig, 26", single cels 
Centrifugal separator. 

Overstrom concentrating table 

Dewaterer 

Dewatered tailings, manus 2" 

Le Tourneau scraper 

Bull jig 

Tilting sorting table, plus 2" 
Tailings, plus 2* 

Slimes-settling basin 

Clear-water tank 

Fresh-water inlet. 29 Centr. pum 


Ca Connecting launders and direction cf flow 


Water circuit -——— Water outlets 


= Gold and echeelite concentrates collected for each sample 
ww Scheelite concentrates collected every 24 hours 
~S Places in flow sheet were daily tailings semples were taken 


Figure 3.— Sample-mill flow sheet, Atolia Rand placers, San Bernardino County, Calif. 
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5e Clean-ups of all gold and sore scheelite concentrate for each sanple 
were necessary. 


6. A visibility of flow at all places in the circuit was dosired. 


{- All bins and launders had to be tight, without trans, and designed 
for easy cleaning after the run of each sample. 


Se A closed vater circuit requiring the mini:mm addition of fresh water 
vas essential. 


9. All gravity flow or the material was desired. 


10- The mill was to serve later on for samplins as well as for clean-up 
purroses of echeelite concentrated from the large rlant. 


Of the naterial already in the mill, a tromicl screen, one >ull jig, one 
leé-inch centrifugal gold s2oparator designed by H. H. Morse, one Overstron con- 
centrating table, and a teilings dewaterer were retained, although their position 
was changed. A 26-inch, one-cell, Bend.:lari jig and a GB sampling machine with 
shaking rubber riffle were ndded. All nev bins, connecting launders, and feed 
funnels were designed on the rroperty. The larger nieces of sheet iron for 
din linings, etce, were cut to size in Los Angeles, vhere sone of the feed fun- 
nels were also nmufactured. All bin linings and laundcrs were arc welded to 
insure tight joints. Launders and hoppers were constructed sectionally and 
installed so that they could be removed easily for repairs. 


A bucket elevator that had scrved the rilot mill was replaced by a 2h 
inch belt conveyor leading from the storage bins to the top of the mill. The 
arrangenent of the machinery and the flow of the matcrial through the inill is 
shom on figure 3. Three dump trucks and four bins provided storage for seven 
l-1/4-cubic yard bank-run samples. 


: Fron the test hole the auger bucket was omrptied directly into the iron 
cup box of the truck, which unloaded at the receiving bins (No. 4) over 
grizzlies with 5-inch snacing (No. 3). The oversize was sorted for large 
chunks of scheelite and piled on the ground; it was renoved hen necessery 

by a LeTourneau tractor. The undersize was fed fro: the iron-lined bins into 
& Mechanical adjustable feeder (No. 5) driven fro the lower pulley shaft of 
tae conveyor (No. 6). The conveyor was driven by a variable-speed clectric 
notor. The speed of delivery of a le to l-1/4-cubviceyard sanple to the mul- 
tiple feeder funnel (No. 7) could be varied froa $ minutes to 45 minutes or 
more, depending on whether the sariple was to be stored and its swell fron bank 
Tun neasured in the calibrated storage bins (No. &), or whether a direct feed 
of the sample was desired. 


: If a direct feed t» the upper trommel screen (No. 12) or t> the hopper 
(No. 14) of the GB tronmel screen (No. 15) was desired, the feeder funnel 
(No. 7) was turned to e:ipty into the hinged feeder funnel (10, 10a). By a 
Simle rotation of the feeder funnel on its vertical support (see also No. 
ll fig. 4) it would empty int» either one of the to storage bins (No. 8). 
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An adjustable-speed feeder belt (No. 9) driven by sprocket wheel and chain frm 
one of the trommel rollerewheel shafts delivered the material through another 
feeder funnel (No. 11) either to the large trommel screen or to the GB hopper. 
Water was added to the dry feed at feeder funnel 11 or lla. Water was also 
available at the upper funnel (No. 7) but was seldom introduced at that point. 


The directefeed circuit from conveyor or bins to the GB hopner served 
for small samples of fine composition. The material from the test holes was 
very dry and required considerable scrubbing and washing; most samples, there» 
fore, were first run through the large scrubber and trommel screen (No. 12), 
in which the oversize (plus 5/8-inch) was thoroughly washed by sprays. The 
plus 2-inch material was discharged onto a sorting table (No. 2), where occa- 
sional chunks (locally known as "spuds") of scheelite were recovered before 
the table was tilted to discharge the oversize waste. The plus 5/8-inch minus 
2-inch material discharged from the hopper (No. 13) onto the bull jig (No. 3 
for concentration of occasional pieces of scheelite. 


The fines (minus 5/8-inch) passed from the hopper (No. 1%) to the GB — 
per (No. 14) or directly to the Bendelari jig (No. 17) cutting out the GB tra- 
mel and rubber riffle (No. 16) entirely. This was advisable at times and was 
also done to divert the flow of water from the GB machine when the concentrate 
was removed from the riffle at the end of a sample run. The quick change was 
effected by moving a so-called bottomless "shuttle box", illustrated in greater 
detail (No. 13a) in figure 4; its position could be changed quickly by operating 
a sinple lever in front of the GB machine. The circuit most used was fron hor- 
per 13 to GB hopper 14. Figure 4 shows sone of the details of installations 
Noe 8 to No. 14 as well as some of the supporting timbers the positions of 

which could not be altered. 


In the tronmel screen of the GB machine the minus 5/8-inch material was 
subjected again to a thorough scrubbing, the minus 1/8-inch material passing 
over the shaking rubber riffle (No. 16) to. the Bendelar4 jig (No. 17), while 
the plus 1/8+inch naterial went directly to the Bendelari jig. Provision was 
nade at this point to deslime the minus 1/8-inch material before it reached 
the Bendelari jig and pass the slines through a small feeder funnel over sta 
tionary riffles, blankets, or amalgan plates, thence to the slines-settling 
basin (No. 26). However, results fron slines tailings samples showed that 
this installation was not necessary. 


In the Bendelari jig, coarse scheelite concentrated on the jig bed; tails 
passed onward to the bull jig, while the fine black sand, gold, and scheelite 
concentrates passed through the Bendclari screen into the hutch and thence 
into the centrifugal separator (Noe 18). The overflow as well as the hutch 
product from the bull jig emptied into the dewaterer (No. 20). 


In order to give the minus 5/8~inch material an additional scrubbing and 
washing before it reached the Berdelari jig, the GB nachine was installed 
ahead of it. This caused overfeeding of the GB rubber riffle and sone loss of 
fine gold at this point, which, however, was caught later by the centrifugal 
separator. The overflow fron ene separator went to the Overstron concentrat- 
ing table (No. 19), where the fine scheelite concentrates were recovered, and 
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the overflow was passed to the dewaterer (No. 20). 


The dewatered tailings were removed from the discharge pile (No. 25) by 

a LeTourneau scrapere The slines passed from the dewaterer to slimes settling 
basins (No. 26). The flov; of water and slimes through the settling basins was 
opposite to the direction cf prevailing winds; this arrangement materially 
aided in settling the water. Water fron the settling basins entered the clear- 
water reservoir (No. 27), waere fresh water (No. 25) was added when necessary. 
A centrifugal pump (No. 29) lifted the clear water ts the sample mill, where it 
was distributed as shorn on figure 3- 


All motor-control svitches were centrally located on the GB floor of the 
sample mille <A two-way bell and signal system controlled tne flow of electric 
power to the motors in various parts of the mill. 


The mill personnel consisted of a shift boss and two assistants; one man 
vas stationed at the hupner bins (No. 4), one at the GB machine (Noe 15), and 
the other at the Overstrom table (No. 19). After a sample had been run from 
one of the bins (No. 4) and the bin as well as the automatic feeder was brushed 
out, an assistant followed the feed to the top of the mill, stopped the conveyor 
dy bell signal, cleaned out feeder funnels 7 ard 11, washed the trommel screen, 
stopped it by bell signal, and returned to his post at the hopper binse The man 
stationed at the GB mncnine then collected the concentrates from the rubber riffle 
and signaled to the third man on the ground flocr to recover concentrates from 
the centrifugel separator, while he quickly sorted the vlus 2~inch material on 
the sorting teble ard tilted it to discharge the vaste. A similar clean-up 
vrocedure was followed when feeding was done from the storage bins (No. 8). By 
proper cooperation and signalling, the shut-dovm time in any part of the mill 
butween individual sample runs was kept belor one minute. 


The concentrates from the rubber riffle, centrifugal separ.tor, and sorte 
ine table containing all the gold and a proportion of the scheelite were con- 
bined for each sample. Every 24 hours the scheelite concentrates from the jigs 
and Overstrom table were also collected, and all concentrates were transferred 
to the assay office. The individual semple concentrates were panned dovm by hand: 
the scheelite was removed, dried, weighed, and recorded; the gold was collected 
by amalgamation, the amalgam was dissolved in dilute nitric acid, and the gold 
was annealed, weigned, and recorded. The composite scheelite concentrate from 
the jigs and Overstrom table was dried and its weight reccrded against the serial 
mabders of the samnles from which it had been obtained. The system of conver- 
sion from weizht t> "cents per cubic yard" figures is discussed under "System 
of Records". 


Tailings sanples wer: collected at regular intervals throughout a 24-hour 
day at the following points: (1) Bull jig tails, (2) bull jig hutch, (3) cen- 
trifugal separator tails, and (4) drag (final) tails. ) 


Slimes and black-sand samples were also taken at regular intervals. Tail. 


ings~sample results were posted and plotted graphically every day on the bulletin 
board in the mill. Any undue losses in tailings, therefore, could be checked and 


Temedied speedily. 
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During June, July, and August the sample mill was operated two Sehour 
shifts per day; from August 25 to November 9 it onerated three 8-hour. shifts 
daily. During a 145-1/2-days run it was shut down 1-1/2 days on account of 
water and power shortage as well as tc replece screens on the large tronnel. 


SYSTEM OF. RECORDS 


The thought carried in mind throvegnout the sampling campaign was to obe 
tain a yardage and valuation estimate as well as to systematize all records 
so that they formed a permanent and reliable guide to future sampling and ex 
ploitation. 


A form, Plane-Table Notes (fig. 5), was used in conjunction with the 
plane-table mans. This fom is amply subdivided for recording and checking all 
essential ficld data and calculations. The location entry for each test hole 
shows its survey number, serial number (rotation in which test holes were 
drilled), as well as its coordinate numbers. This record, consisting of 86 
pages of plane~taodle notes, gives elevations, locations, and other survey 
data on sone 1,800 surveyed points, inclusive of test-hole locations. 


The Drillers Revort (fig. 6) was made out for each day for the operations 
of each drill. The tabulated data were checked in the office, and the total 
nunber of holes drilled, samples cbtained, drilling time, noving time, delays, 
actual drilling time yer fort cf hole, and total tine per foot of hole were 
edded; 22/7 such sheets were covered in the drilling cannaign. 


s sample tes (fig. 7) accompanied each sample from the test hole, throuzh 
the mill, went to theassay office with the concentrate, and finally reached 
the sanplins office. Besides other data, the tag showed truck and bin neasure~ 
ments for "swell" determinations if desired and diancter recordings for every 
foot denth of hole. <A total of 2,545 snmples from test holes and dumps were 
thus tagged. 7 : 


The Daily Sample Mill Report (fig. &) was made out by the nill shift 
bosses; columns were totaled for each 8-hour shift. Considerable data, such 
as grand totals of all columns, total nunber of cubic yards run, nilligrats 
gold recovered, average milligrans gold per cubic yard run, nercent loss in 
tailings, loss in tailings exoressed in cents per cubic yards, and percent 
recovery were added in the office. The report also shoved average tine per 
saiple run, per foot of hole, and per cubic yard; weights of tailings sanples 
and milligrems of gold recovered from then were shown, as were the calculations 
to determine losses per cubic yard. For calculation of the daily "scheelite 
factor", the combined weight of scheelite recovered from the jigs and Overstro 
table and the conbined weight of scheelite recovered from the sorting table, 
GB riffles, and centrifugal separator were recorded. This factor was used in 
computations of "cents per cubdic yard" scheelite figures for each sample. One 
hundred fifty-three sheets made up the sauple-mill record. 


The Test Hole Data record (fig. 9) gave condensed information fron sample 
tags, drillers records, and sanple-mill records, as well as cubic yards of bark 
run represented by each sanple, conversions to "weights" and to "cents per cuvic 


5Su1 = Line 


Google 


aes, 
ea: 
————S oe ‘geass 
Cs er ne. ae co i - aed oe 
eos foes Sens | ee ls Pee se ee ak 
ee nos eae Ragen Se Pt es 
hi a a ee 
WN1vd_ | n|NOILWA313 pet vaba (Let Bete 
sc — cefep.| oa ~ ON J33HS 3198VL INV 1d 
VauvV dY¥W ULSNI ‘039 ILVA 
— 394 SALON FIAVL ANVW 1d 
reeked ak ~ ON NOILY9ILSIANI 


916006 - pd#esn ssaa0e/buo' snu TyLeYy'MMM//:di1Yy / = paZzTLTOTp-3)6009 
€0 8L-60-V7Z07 UO 


GZOVPOODEOSEVZE "NSO//Z7OZ/}EU"|apueYy*1py//:sdizyY / IWD go: 


Original from 
THE OHIO STATE UNIVERSITY 


Digitized by Google 


‘uTewog 2T1q0Nd 


pa esoueg 


Claims Driller. 
Helper. 
Date = ns Shi Helper. 
Truck Driver. 


Hole Neo. 


= 


Drillers Report 


inn 
Hit {| fe 


Sample Run 
Remarks 


Assay Office 


Gr. CawO04 


Figure 7.~ Sample ticket. 


Google 


\ 


CAUSE 


TIME 
oF 
HT [el [= 


Hole No. 


Daily Sample Mill Report 


ee — re Shift Boss 
Mill Man 


eS —— Feeder 


SHUT - DOWNS 


FLOW RECORD = TIME 
: 
5/15] #14] 213 


hole ivo. 


Figure 8.~ Daily sample-mill report. 


Test Hole Data HOLE 


SS ———— Oo ee 


SAMPLE CUBIC YARD 


rk 


Total Depth of Ho 


3 
<£ 
£ 

E 
2 
o 

3 
< 


% Swell in Truck 
%, Swell in Bin 


Sample No. 
From 
Vert. Feet 


Figure 9.~ Test-hole data. 


a Pl aoe 
viele ade oe ! ee 


Bias BYLE | AN 

[ {ed | | | I Re 
| JOwOTMSE Dapth to /Elev. m 
COOP tt 
ieee alee eee ae Soe see See 


BP 


Figure 10.~ Test-hole and bed-rock data. 
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yard® values for gold and scheelite fcr each sanple and the average gold and 
gcheelite values in "cents per cubic yard" for each test hole. It gave all 
data necessary for yardage and value calculations of drill~hole lines and 
gravel blocks between such linese This record, wade up of 124 legal-size 
sheets, also furnished statistical data for semi-monthly progress reports. 


Te Test Hole and Bedzock Record (fig. 10) was wade out in the office as 
drilling progressed. It served as a basis for construction of a bedrock-~ 
contour map, a part of which is shown on Figure 1. This record was also used 
for checking on test-hole fences and location flags. 


Drillers report, daily sanple-mill report, and test-hole data sheets were 
made out in triplicate so that copies were regularly available to the general 
manager on the property as well as to the Los Angolog office. 


Scheelite and Volume Factors 


The concentrate from 1. separate sanple contained only a proportion of the 
scheelite present in the samplee A auick method by which the value of all 
scheelite contained in the sample could be calculated in terms of cents per 
cubic yard of gravel was worked out as follows: 


From the daily mill report and sample tags the aggregate weight of scheel- 
ite recovered for each sample from the GB riffle, centrifugal separator, and 
the sorting table was known: the weight cf scheelite recovered each day from the 
jigs and Overstrom table also was knwn. Tet us say, then, for instance, that 
the firures below represent scheelite recovered in the sample mill for a certain 
ehehour day. 


Grams Percent 
Jigs and Overstrom table---------------- 8.0 23 
Riffle, centrifugal separator, and 
sorting table----------------------~ 26.2 ai 
Total---~-—-----~-~-.~--- ~~ - - = - ne 34.2 100 


The grams scheclite reported for each sample under the Cubic Yard heading 
on the Test-Hole Data sheet represent scheelite recovered by the GB riffle, the 
centrifugal separator and sorting tavle only, which for the given day amounted 
to 77 percent of the scheelite present ina cubic yard of bank-run gravele As 
an example, suprose that for value computations for scheelite, the scheelite be 
taken as 40 cents per pound as recovered from the samples. The equivalent value 
of a gram of scheclito is 0.0852 cents. The value of all scheelite in this 


sample, expressed in cents per cubic yard, would therefore be? 
scheelite 


alue 1 gran 


Grams scheelite 1 + sorting table) x v 


er cubic yard (riffle + bow 


O-77 
In the above fraction, the value of one gran of scheelite, oF .0882, or 1145, 
15 


Google 


I. C. 6960 


becomes a constant or factor for the day on which 77 percent of all scheelite 
was recovered on the riffle, bowl, and: sorting tabdle. Such a factor was 
worked out dnily and recorded on the sanmple-mill report and on the test-hole 
data sheet corresponding to the sampleemill sheet. By multiplying the "zrane 
scheelLite per cubic yard" figures on this latter sheet by the scheelite factor 
for the day, the "cents scheelite per curic yard" figures were obtained. 


For quick determination of ths bank-run volume which a sample repre 
sented, a "volune-factor" table wis prepared; it gave volume factors for each 
1/10~inch increase in diameter of test hole from 23 inches to 37 inches. 
Multiplying the depth, in feet, of the sample by the volume factor opposite 
the average dianeter of the test hole for the sammle depth, gave the cubic 
yards of bank~run gravel contained in the samplee 


Sample=nill concentrates were taken to the assay office every morning. 
The sample tags, with panning results, etc., recorded on them, reached the 
office at noon the sane day; all testehole data calculations, made on an 
electrically onerated Monroe calculator, usually vere completed within 2 hours 
thereafter. 


BLOCK YARDAGE AND VALUE CALCULATIONS 


After completion of parts of the bedrockecontour map, enriched gravel 
areas, as determined by testehole locations and values, were super imposed 
on the bedrock=contour aap and the relation between then and bedrock con- 
figuration wns studiede The results often led to additional drilling as well 
as edjustnments in the size and shane of enriched grayel areas before b1lock- 
yardage and value calculations could be made. 


The usual calculation methods for placer nines were followed to ceter- 
mine block yardages and their values in gold and schvelitee They are best 
suumarized as follows: 


The area betveen tro holes, which is ordinarily a trapezoid, 
is the average of their depth multiplied by the distance between 
them; the value of this area is the average (geometric) value of 
the two holes multiplied by the area: the value of the line (line 
or section represented by test holes) is the sun of all these prod- 
ucts in one line, plus the sum of all these products in the second 
line, divided by the added arcas of the two cross sections, and 
multiplied by distance between the lincse 


Sections of test-ehole lines were drawn to scale on profile paper and 
depths of holes and gold and scheelite values were noted on theme The dif- 


ferent steps above cutlined and all calculations connected therewith were 
recorded below these sections. All calculations were checked by another 


fron Drilling for Placer Goid, Koystore Driller Go., Beaver Falls, Pas, 
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persone The yardage and gold and scheelite values of 9% vlocks of #sravel were 
thus determined. The yardage was divided into three categories, as follows: 


A. Positive yardage, determine@ py two or nore rows of test holes 150 
feet or less apart, with holes spaced along the rows 50 feet apart and in a 
few instances (early drilling) snaceé 75 feet apart. 


3B. Probable yardage, determined by two or more rows of holes more than 
150 feet apart, with holes spaced at 50-font centers along the row. 


C. Possivle yardage, determined Dy one row of holes onlye 


"A" yardase estinatces should closely approach the yardage and values as 
actually mined. "B" yardage say vary, eitner up or down, fron that actually 
Mined from these blocks, while "C" yordage is nierely an indication of velues 
that should be followed by additional scmpline. 


Final yardage and valie dati for the three estoesories were tabulated on 
aforn (fig. 11). 


With the above data ell carefully collected, results intelligently inter- 
preted, and calculations accurately made, the final results, as expressed on 
the form (fig. 11) shoul¢, within reasonable linits, indicate the anount of en- 
riched yardage and the sold and scheclite recoverable by concentration nethodse 
With close spacing of test noles and large size of samples the results checked 
very closely with actual exploitation figures. Discrepancies did arise, how 
ever, between sample values and actually recoverec values fron sone small blocks 
of gravel. They were due to narrow enrichient chnnnels, cither missed by the 
test holes or encountered too often in proportion by there As a whole, these 
discrepancies were compensating; still closer drilling vould have to be done to 
oneck all small block yardage accuratclye There vas, however, an economic lin- 
it to the anount of sampling thet could be done on "eents per cubic yard 
gravel" as compared to the amount of saxiplinguually done on "dollars rer ton 
orel, 


PERSOWNEL 


Fron August to Novenber, when sanupling oncrations were at their height, 
the personnel, exclusive of the author, was as Toilowss 


Office, 1 assistant and 1 roustavout (assisting 
on surveys, iiaking stakes, test-hole 


nuiber-plates, ctce ) we oe ee a eee ene 2 
Drills (four 8-hour shifts per day), “+ drillers 

rnd 8 assistantge+------- orn 12 
Hrulage (two 8-hour shifts ner day), 4 truck 

Grivy ergun--n-n n-ne rere Ly 
Svuple mill (tarce Z-hour shifts per dr) 2 shift 

bosses and 5 mill nen--------------- 9 rrr rrr 9 
Assay office, 1 nnnner (part tine) and 1 assayer ; 

(part tine) --------- 35 
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Fron March to September the office force and supervising force consisted 
of the author only; he was occasionally assisted by the assayer. Fron Serter 
ber to November an office ard field assistant was euployede 
DRILL SUPPLIES 


The supplies conswied per drill ver 8+hour shift were: 


10 gallons gas:.lire, at 12 certs----------~------------- $1.20 
1/2 quart oil, at 35 cents--------------------------- —— 175 
Tivo sets blades, snarpened--~----------~---------------- 1.60 
Wear and tear, derreciation and insurance, anproxi- 
Nately------------- ---- + -- -—— 1.00 
ACCIDENTS 


No najor accidents occurred during the drilling and sampling campaign. 
Tvo Men received riinsr head injuries while loosening and removing rocks fro: 
test holese The total time loss on account of these accidents anounted to 16 
man-hours e 


COST FIGURES 


Detailed cost figures covering the entire surveying, drilling and sai- 
pling canpaign are not easily available to tne author as othcr expense items 
had been combined vith then by the accounting devartnent. 


Practically all of the drilling was done on a rontal basis covering tro 
drills, oi1 and gasoline, and wages of two drillers and tvo assistants for 
each drill. A total of 16,278 feet of test hole can be credited to the drill- 
ing company which received $16,044.61, or 98.5 cents per foot of hole. This 
does not include enginecring and testing samplese 
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